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ABSTRACT 
 
Convergent extension is a process that occurs in the development of a wide 
variety of organisms, including gastrulation in the Drosophila embryo to begin to lay out 
the adult body plan.  In fly embryos, this is known as germband extension and is mainly 
driven by cell intercalation or neighbor exchange by planar polarized cell-cell interface 
contraction to shorten the tissue along the dorsal-ventral axis.  In this thesis, I show that 
interface contraction consists of phases of fast interface shortening and intervals of stable 
interface size.  My data also suggests that regulation of F-actin aggregates at these 
shrinking interfaces is important for appropriate biphasic interface contraction.  Knock 
down of two F-actin regulating proteins, Dpod1 and coronin, results in aberrant interface 
dynamics and severe disruption of germband extension.  Close examination of interface 
and F-actin aggregate dynamics in coronin knock down reveals that coronin is required 
for appropriate F-actin globule formation and interface contraction. 
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INTRODUCTION 
Drosophila Early Embryonic Development 
The process of convergent extension movement is one that is common among a 
wide variety of organisms and is employed during gastrulation in early embryonic 
development to begin to establish the adult organism’s body plan.  Following fertilization 
and the fusion of the male and female pronuclei, the zygotic nucleus undergoes thirteen 
rounds of replication in the absence of cell division to generate a single-celled embryo 
with approximately 5,000 nuclei (Hartenstein, 1993).  Following these cycles of nuclear 
division, the Drosophila embryo undergoes a process called cellularization, which is the 
simultaneous invagination of membrane to encapsulate each individual nucleus in its own 
cell.  This process involves targeted membrane addition to the ingressing furrow and is 
actin-myosin dependent. 
Following cellularization, the epithelium begins gastrulation as shown in Figure 1.  
The cephalic furrow forms to separate the embryo’s head region from the rest of the body 
(Fig. 1, white arrowhead, and the ventral furrow invaginates to bring cells that will later 
become various internal organs into the embryo’s interior (Hartenstein, 1993).  Another 
important process at this time in development is called germband extension (GBE).  
During GBE, the embryo elongates to 2.5 times the initial egg length along the anterior-
posterior (head to tail) axis while the width along the dorsal-ventral (back to belly) axis 
simultaneously narrows (Irvine & Wieschaus, 1994).  GBE takes approximately two 
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hours to achieve full elongation, though most of extension takes place in the first 30-40 
minutes.  The central force driving this period in development is cellular rearrangements, 
with a minor contribution from oriented cell division (Zallen & Blankenship, 2008; Irvine 
& Wieschaus, 1994; da Silva & Vincent, 2007). 
 
 
 
 
 
 
 
 
Figure 1.  Wild-type germband extension.  The germband (black arrowheads) extends around 
the dorsal side of the embryo (oriented on the top) and towards the cephalic furrow (white 
arrowhead) at the anterior (left) side of the empbryo.  The majority of GBE occurs in the first 40 
minutes (A-D) and GBE is completed in roughly two hours (H).  Adapted from Irvine & 
Wieschaus, 1994. 
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Cell Intercalation and Cell Shape Changes 
Cell intercalation is the highly directional movement of cells between their dorsal 
and ventral neighbors to change the overall shape of a population of cells (Irvine & 
Wieschaus, 1994).  This process is important in early development in many different 
systems other than the Drosophila germband.  Cell intercalation drives the shaping of the 
body axis in Xenopus and zebrafish embryos, as well as and the early formation of organ 
systems including the gut, lung, spinal cord and inner ear (Zallen & Blankenship, 2008).  
Cell intercalation is present in both epithelial and non-epithelial cell layers (Irvine & 
Wieschaus, 1994). 
 Intercalation is a cell-driven, active process and can occur in the absence of 
external forces (Irvine & Wieschaus, 1994).  Intercalation is initiated by cells selectively 
contracting a vertical cell-cell interface (between anterior and posterior neighbor cells), 
followed by horizontal interface growth (between dorsal and ventral neighbors) to 
lengthen the population of cells along the anterior-posterior (AP) axis (Irvine & 
Wieschaus, 1994).  In Drosophila GBE, this happens via local cell behaviors called 
neighbor exchange, which involves the contraction of an isolated vertical interface.  
Higher-order cell behaviors are also present, in which two adjacent columns of cells 
constrict their shared interface to create a rosette and resolve directionally along the 
dorsal-ventral (DV) axis (Zallen & Blankenship, 2008). 
 This process is tissue autonomous; relying on local spatial information the cells 
receive from interactions between neighboring cells and a system of planar cell polarity 
(Blankenship et al., 2006).  These planar polarities are established in response to local 
differences in anterior-posterior patterning genes (Irvine & Wieschaus, 1994).  Adherens 
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junction (AJ) proteins (Baz/PAR-3, E-cadherin, Arm/β-catenin) localize to the horizontal 
interfaces while contractile proteins (F-actin and Myosin II) are enriched at vertical 
interfaces prior to the onset of cell rearrangement (Blankenship et al., 2006).  The AJ 
proteins maintain cell-cell interfaces that exist throughout GBE as well as stabilizing 
newly formed horizontal interfaces (Zallen & Blankenship, 2008).  Vertically localized 
actin and Myo II physically shrink vertical interfaces and promote the disassembly of 
unneeded AJs on contracting interfaces (Zallen & Blankenship, 2008). 
 
Actin Nucleation and Organization 
Because F-actin is critical in maintaining cell shape and directing various 
processes within the cell, many proteins have evolved to regulate formation of 
filamentous actin networks.  These actin regulators direct cellular functions such as cell 
structure and motility and epithelial cell adhesion.  Actin exists in two forms, monomeric 
G-actin in the cytoplasm and F-actin filaments, which can be formed in unbranched actin 
bundles or in a highly branched actin network (Oda et al., 2009).  The balance of these 
two forms of actin is controlled by actin nucleating proteins, such as formins and the 
Arp2/3 family of proteins.  These proteins promote the assembly of F-actin, while other 
proteins, such as actin depolymerizing factors (ADF) and cofilin, instead direct actin 
disassembly.  To form a filament, G-actin is added to the barbed end of a growing 
filament.  By itself, G-actin at physiological concentrations will not spontaneously form a 
filament; instead, an actin nucleator such as the Arp2/3 complex is needed to start the 
process.  Depending on its concentration, Arp2/3 can nucleate unbranched actin 
filaments, but more often will nucleate an F-actin branch off an existing filament at a 
5 
stereotyped 70-degree angle to create an actin meshwork (Cai et al., 2007).  In the 
absence of regulatory proteins, Arp2/3 has weak nucleation abilities but can be activated 
by binding to the side of an existing actin filament or through interactions with an 
activator protein (Humphries et al., 2002). 
 
Actin and Plasma Membrane Dynamics 
Actin is also regulates membrane dynamics and cell shape.  Actin treadmilling, 
the polarized assembly and disassembly of F-actin at the plasma membrane, is one means 
by which cells can extend the membrane required for migration along a substrate (Pollard 
& Borisy, 2003).  Actin is also required for membrane trafficking; actin polymerization 
can drive membrane scission in some endocytic pathways in the absence of dynamin or 
other pinchase activity (Römer et al., 2010) and actin polymerization by Arp2/3 is linked 
to clathrin-mediated endocytosis (Galletta & Cooper, 2009).  Tightly regulated 
polymerization and disassembly of F-actin facilitates both pre- and post-fusion events 
during exocytosis (Porat-Shilom et al, 2012).  Cortical actin is also needed for cell-cell 
adhesion and binds directly to AJs through its interaction with α-catenin, an AJ protein.  
Besides binding to stable AJs, actin-based filopodial projections physically interact with 
adjacent cells and catalyze the formation of new adherens junctions (Vasioukhin et al., 
2001). 
 
The Role of Actin in Drosophila Germband Extension 
F-actin’s planar polarization in cells undergoing GBE suggests that it is important 
for appropriate cell shape changes in this stage of development.  F-actin is selectively 
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enriched at vertical interfaces and is the first protein to become polarized before the onset 
of GBE.  Enrichment occurs independently or upstream of the establishment of polarity at 
horizontal interfaces where Bazooka is present (Blankenship et al., 2006).  F-actin 
appears to have two main functions in the regulation of interface behaviors during GBE.  
First, F-actin forms a contractile network at shrinking vertical interfaces (Blankenship et 
al., 2006).  F-actin also forms a transient growth network at newly initiated horizontal 
interfaces (Blankenship et al., 2006). 
 
Biphasic Contraction Dynamics in Drosophila Embryogenesis 
Previous studies have suggested that actomyosin-dependent processes do not 
undergo uniform rates of contraction.  Instead, these studies demonstrate that various 
processes in embryogenesis are due to biphasic or pulsed actomyosin contractions.  These 
pulsed contractions have periods that are interspersed with periods of stabilization during 
which relatively little cell shape change occurs.  Formation of the ventral furrow during 
Drosophila gastrulation has been shown to happen through successive periods of actin-
myosin contractions that pull on adherens junctions during apical constriction (Martin et 
al., 2008).  These contraction periods alternated with rest periods where the apical face of 
the cell maintained a stable size.  The rest periods are believed to allow the actin-myosin 
network to re-establish itself and prepare for another period of contraction (Martin et al., 
2008).  Similar phases of shrinkage and arrest have been found during vertical interface 
contraction in GBE.  Pulsed contractions are thought to be due to the activity of medial 
(rather than junctional) Myo II contractility on a fast-recycling F-actin substrate (Rauzi et 
al., 2010).  These findings were based on the analysis of isolated vertical interface 
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contraction, however, and the contraction cycle of linked interfaces required for the 
formation of rosette structures was not examined. 
 
Dpod1 and Coronin as Actin Regulators 
The coronin family of proteins is highly conserved across many organisms.  The 
defining characteristic of proteins in this family is a WD40 repeat domain that contains a 
β-propeller structure for protein-protein interactions (Chan et al., 2011).  The Type I 
coronins (called coro in Drosophila) are short coronins, 450-650 amino acids long (the 
fly coro is 528 amino acids), containing a single β-propeller and are able to directly bind 
F-actin (Rybakin & Clemen, 2005).  Type I coronins can also interact with and 
coordinate the activity of the Arp2/3 complex and ADF/cofilin to enhance actin turnover, 
promote G-actin recycling, and concentrate formation of branched F-actin to specific 
locations in the cell (Chan et al., 2011).  Type I coronins are involved in some types of 
endocytosis (Echauri-Espinosa et al., 2012), govern vesicular trafficking (Rybakin & 
Clemen, 2005; Bharathi et al., 2004), and have been implicated in the genesis of 
cancerous cells that show increased motility and invasion (Xavier et al., 2011). 
Type III coronins (Dpod1 in Drosophila) are long coronins; they contain two 
tandem β-propellers and structurally look like two Type I coronins linked together (Chan 
et al., 2011).  In C. elegans, Pod-1 (the homolog to Dpod1) was named for ‘Polarity-
Osmotic Defective 1’ because mutations in the Pod-1 gene resulted in a loss of AP 
asymmetries due to actin mislocalization (Rappleye et al., 1999).  Less is known about 
Type III coronins, though Dpod1 can crosslink F-actin and microtubule networks and is 
responsible for axon guidance in Drosophila neuronal development (Rothenberg et al., 
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2003).  Dpod1 could possibly be part of an information scaffold that links signaling 
molecules to the cytoskeleton or have a structural role in stabilizing cytoskeletal 
structures in neurons (Rothenberg et al., 2003). 
 
Thesis Specific Aims 
 The goal of this thesis is to look closely at interface movements during 
embryogenesis and the contribution of F-actin in this stage of development.  My first aim 
for this project is to characterize the process of interface contraction during cell 
intercalation.  I have measured interface length over time and compared the dynamics of 
linked and isolated interfaces.  Next, I aim to examine F-actin movement at contracting 
interfaces.  I did this by live imaging F-actin with high temporal resolution (every 500 
msec) and looking at the movement of aggregates.  Finally, I aim to show that the actin 
regulating proteins coro and Dpod1 are required for GBE.  I have created and imaged 
transgenic embryos with GFP tags on these proteins.  I also tested the function of coro 
and Dpod1 by watching development when the proteins’ expression is knocked down. 
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MATERIALS AND METHODS 
 
Scoring 
The progression of Drosophila embryonic development can be scored using a 
regular light dissecting scope.  Adult flies are given time to lay their embryos into an 
apple juice-scented agar gel mixture in a small Petri dish.  When the apple juice plate is 
removed from the cup holding the adult flies, the plate and the embryos are covered with 
a thin coat of Halocarbon oil 27 and viewed under the dissecting scope using indirect 
light.  The oil makes the eggshell transparent and internal structures are visible.  Embryos 
to be scored can be carefully scooped from the agar with a pair of sharp forceps and 
transferred to a clean apple juice plate.  In this manner, embryos are scored for at least 
four hours after collection and one hour aging; a time period in which GBE completes in 
WT embryos.  Embryos are kept at 25ºC. 
 
Live Imaging Slide Setup 
 Embryos were collected on an apple juice plate and aged to optimize the number 
of embryos at the correct stage on the plate.  Plates were removed from cups containing 
adults and cleared of yeast and fly debris.  Plates were coated in a 50% bleach solution 
and soaked for two minutes to remove the chorion membrane.  Embryos in the bleach 
solution were poured into a fine mesh net and rinsed repeatedly with DI water.  Embryos 
 10 
were then carefully collected from the net using a paintbrush and transferred to 
Halocarbon oil 27 that had been placed onto the hydrophobic side of Biofilm on a plastic 
live imaging slide.  An 18x18mm coverslip covered the embryos and was taped down at 
one corner to prevent it from moving. 
 
Germline Clones 
Germline clones were created using Dpod1∆96 deletions to deplete maternal 
protein contribution.  Heterozygous Dpod1∆96 mothers were crossed to ovoD flp FRT 
males.  Offspring larvae were heat shocked at 37.5ºC for two hours on two subsequent 
days to activate flipase activity and generate chimeric female larvae.  Chimeric female 
flies were crossed to OreR (wild type) males and embryos were collected and scored 
under oil as described above. 
 
Injections 
Embryos were collected on apple juice plates and aged to optimize the number of 
embryos at the correct stage.  Embryos were bleached in a 50% bleach solution for two 
minutes and collected in a fine mesh net.  Embryos were then transferred to a clean piece 
of apple juice agar.  Healthy-looking embryos at the correct stage were arranged using 
sharp forceps in a single-file column with their ventral sides all facing the same direction.  
The embryos that had been lined up were carefully glued to a coverslip using heptane 
glue.  The glued embryos were dried for eleven minutes in a desiccation chamber.  
Dessicated embryos were then coated in Halocarbon oil 700.  A small glass needle was 
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filled with approximately 1µL of either mqH2O, dsRNA or fluorescent Actin488 
monomers (1:100 dilution in mqH2O).  The needle was inserted into an oil-pressurized 
injection apparatus and the closed tip of the needle was broken using a glass slide.  The 
pressure on the apparatus was then turned up and the needle was used to inject a small 
amount of the solution into each embryo using a light microscope.  Injected embryos can 
be either scored for development under oil using a dissecting light microscope or live 
imaged. 
 
Manual Removal of Vitelline Membrane (Hand Peeling) 
Embryos were collected and aged on apple juice plates and bleached as described 
above.  The embryos in the net were transferred to a fixative solution (5 mL heptane, 
4.375 mL 1x PBS, 0.625 mL 32% paraformaldehyde; which yields a final solution of 4% 
paraformaldehyde) and fixed for one hour at room temperature.  Fixed embryos that float 
at the interface between the heptane and aqueous layers were removed and rinsed with 
water.  The embryos were then glued to a petri dish using heptane glue and covered with 
PBS + 1% BSA.  A blunt glass needle was used to gently remove the embryos from their 
vitelline membrane under a dissecting light microscope.  Membranes should remain 
glued down and freed embryos should float in the PBS solution. 
 
Osmotic Shock Removal of Vitelline Membrane (Methanol Popping) 
Embryos were collected, aged and bleached as described above.  Embryos were 
fixed in a 4% paraformaldehyde fixative solution for 30 minutes.  Fixed embryos were 
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moved to a clean vial containing 5 mL heptane.  5 mL methanol was added to the vial 
and shaken for ten seconds. Embryos successfully removed from their vitelline 
membrane sink in the solution and were removed and rinsed in methanol. 
 
Immunohistochemistry 
Embryos were collected, aged, fixed and the vitelline membrane was removed as 
described above (either by hand peeling or methanol popping).  Embryo membranes were 
then perforated in Blocking Buffer for two hours at room temperature or overnight at 4ºC.  
Primary antibodies were then added to embryos and incubated for two hours at room 
temperature or overnight at 4ºC.  Primary antibodies were washed off with a PBT (PBS + 
0.1% Triton-X solution) and embryos were incubated in secondary antibodies for 45 
minutes at room temperature.  Embryos were washed in PBT and PTW (PBS + 0.1% 
Tween) solutions and mounted on a slide using Prolong Gold with DAPI from Invitrogen. 
Antibodies used were mouse ⍺-Neurotactin (1:1, DSHB), guinea pig ⍺-Dpod1 (1:1000, 
YN Jan lab), rabbit ⍺-GFP (1:1000, Life Sciences), ⍺-mouse 488 (1:500, Life Sciences), 
⍺-guinea pig 488 (1:500, Life Sciences), ⍺-rabbit 488 (1:500, Life Sciences) and 
Phalloidin 546 to mark F-actin (1:250, Life Sciences). 
 
Confocal Microscopy 
Transgenic fly embryos expressing fluorescent-tagged proteins were live imaged 
using a spinning disk confocal microscope at 63x and Micro-Manager 1.4 software to 
characterize protein movement in 4D (3D and over time).  Stained embryos were imaged 
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using a laser scanning confocal microscope with a 40x objective.  Subcellular structures 
were imaged by zooming in 5x while viewing the embryos with the 40x objective.  At 
this zoom level, a series of z-levels were imaged either 0.5 or 1 µm apart.  The gain and 
laser power were adjusted according to the strength of the signal to obtain the clearest 
possible image. 
 
Manual Measurement of Interfaces 
 Micro-Manager 1.4 and ImageJ software were used to measure interfaces in 
embryos that were live imaged using spinning disk microscopy.  Shrinking vertical 
interfaces were measured using ImageJ’s straight line tool.  The lines were drawn from 
node to node with the ends of the line in the center of each node.  Information regarding 
the length and average signal intensity were recorded using the ROI manager in the 
ImageJ software.  Interfaces were measured every 12.5 seconds until the interface had 
contracted to a single point.  Measurement of actin intensity was collected from the mean 
contrast values in ImageJ.  Length and intensity data was copied into Excel where graphs 
were made.  Length data was compared between linked and isolated interfaces and 
overall intensity data shown in Figure 20 statistics were run using t-tests on Prism 
software. 
 
Segmentation and Automated Measurement of Interfaces 
 Programming in MatLab software was performed to create digital representations 
of cells that had been live imaged using spinning disk microscopy (Tim Vanderleest and 
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Dinah Loerke).  Briefly, automated segmentation of individual cells through a watershed 
algorithm was done to identify the locations of the cell interfaces and nodes. Cell tracking 
was then performed on the basis of this segmentation and data for interface length over 
time was then collected by measuring the distance between two nodes. This automated 
computational analysis permitted the identification of interface length at every time point 
with high temporal resolution (every 500 msec). 
 
PCR 
We used Roche Expand High Fidelity PCR system and a BioRad PCR machine to 
amplify our DNA sequences.  Reaction mixtures were adjusted to a total reaction size of 
20 µL. 
 
Constructs 
To create the GFP fusion constructs, we first designed PCR and sequencing 
primers (Operon) and used the primers to amplify our sequences using PCR as described 
above.  The PCR reaction was purified using Omega Bio-Tek’s Cycle Pure kit and a gel 
was run alongside DNA ladders (Fisher) to ensure the product was the correct size.  
Plasmid and insert were incubated with appropriate enzymes (XhoI, KpnI, XbaI, all from 
NEB) at 37.5ºC overnight then purified by running in a gel and using a gel extraction kit 
(Omega Bio-Tek).  Cut plasmid and insert were ligated overnight at room temperature 
(T4 DNA ligase from NEB) and transformed into One Shot MAX Efficiency DH5α-TIR 
competent cells.  Plasmid with insert was then purified using Plasmid Mini Kit I (Omega 
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Bio-Tek) and test digested.  This process was repeated with the GFP insert (Figure 11).  
The final product was sequenced by CU sequencing and sequencing data was checked to 
be correct using MacVector software.  Correct sequences were sent out to be injected into 
flies by Best Gene. 
 
RNAi 
Snapdragon software was used to design primers for dsRNA (website: 
http://www.flyrnai.org/cgi-bin/RNAi_find_primers.pl).  The coding region sequence for 
coro and Dpod1 was used to find primers for protein knockdown, and the coro 3’-UTR 
sequence was used to control for coro knockdown specificity (injecting dsRNA for the 
3’-UTR should result in the same disrupted phenotypes as injecting dsRNA for the coro 
coding sequence if the coro dsRNA is specific).  For coro dsRNA the 5’ primer sequence 
was ATCCGGACATCGTTTACAGC and the 3’ primer sequence was 
TTCGTGTCTGCGTCGTAAAG to create a 313 bp product with no predicted off-target 
sites.  For Dpod1 dsRNA the 5’ primer sequence was TCTTTGACTTCGCCTGGAGT 
and the 3’ primer sequence was CCTTGCCCGTAACAAACAGT to create a 330 bp 
product with no predicted off-target sites.  For coro 3’-UTR dsRNA the 5’ primer 
sequence was TGTACGTCCCGGAAGTTTTC and the 3’ primer sequence was 
AATTAAGTCCGATGACCCCC to create a 153 bp product with no predicted off-target 
sites.  To the beginning of each primer sequence a T7 site (sequence: 
TAATACGACTCACTATAGGG) was added and primers were made (primers from 
Operon).  PCR was performed and purified as described above.  PCR product was used to 
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synthesize dsRNA using Megascript T7 High Yield Transcription kit from Ambion, 
reaction was incubated at 37ºC overnight.  Synthesis reaction was purified using the 
RNeasy Mini kit from Qiagen and RNA concentration was measured using a NanoDrop 
machine. 
 
Fly Lines Used 
w; sqh:mCh; Act5C:GFP 
w; UAS-moe:mCh/CyO; spider:GFP/TM3 
Dpod1∆96/FM7; +/+; moe:GFP/moe:GFP 
wlethal/FM7; +/+; Sb/TM3 Ser 
w; Ecad:GFP/CyO; moe:mCh/TM6b 
w; Jup:mCh/CyO; Act5C:GFP/TM6b 
w1118; p(UASp-Act5C.T:GFP)3 (stock #7311) 
Dpod1∆96 FRT(9-2)/FM7, KGB (from Jan lab) 
Dpod1∆17 FRT(9-2)/FM6, yWB; cyo/pin (from Jan lab) 
w; Gap43:mCh (II and III) 
yw; p(UAS-lifeact:Ruby) VIE-197 (stock #35545) 
w; UAS-CFP:β-act (stock #7064) 
w; Ecad:GFP; Gap43:mCh 
w; UAS-mCh:moe (II and III) 
OreR 
w; Dpod:GFP (II and III) 
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w; GFP:coro (II and III) 
w; coro:GFP (II and III) 
w; 117; 95-1 (w; resille:GFP; spider:GFP) 
w; sco/cyo; mkrs/TM6b 
w; sp/cyo; Dr/TM3 
w; sqh:mCh (II) 
w; moe:GFP (III) 
175/w; pUAS-mCh:Jup/cyo; Dr/TM3 
ovoD flp FRT (9-2) (stock #1843) 
w; Ecad:GFP/cyo; Di/TM6C 
w; sqh:mCh; moe:GFP 
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RESULTS 
Shrinking Interface Dynamics 
Interfaces between neighboring cells undergo dynamic changes in length during 
GBE in a planar polarized fashion.  During this process, vertical interfaces shrink to a 
single, shared vertex (Irvine & Wieschaus 1994).  In isolated interfaces this occurs within 
an average period of three to four minutes (Fig. 2B).  Linked interfaces can also 
coordinate and contract to form a rosette structure (Fig. 2A).  The number of cells 
involved in the shrinking of linked interfaces varies from five to eleven (Blankenship et 
al., 2006); the time required for linked interfaces to contract fully varies depending on the 
size of the rosette.  We monitored changing interface dynamics in early germband 
extending embryos by live imaging with high temporal resolution. 
By measuring shrinking interface length over time we saw that interfaces contract 
through biphasic cycles of fast contraction and long stable periods of relatively 
unchanging interface length.  Fast contraction phases show large changes in interface size 
in a short time.  During fast contraction, the indicated interface shrinks by 53% in 2.5 
minutes (Fig. 2C, yellow line).  In contrast, the same interface undergoes a longer 
stabilization interval (Fig. 2D, blue line); in over seven minutes the interface shrinks by 
only 7.5%.  Linked interfaces undergo one or two cycles of stable and contracting phases 
(Fig. 3) and isolated interfaces go through two to three cycles (Fig. 4) until the interfaces 
are fully contracted and all the cells meet at a common vertex (Fig. 2A, last panel). 
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Though both isolated and linked interfaces undergo biphasic contractions, there 
are differences between the two types of shrinking interfaces.  Linked and isolated 
interfaces differ in the size and rate of interface shrinkage during phases of fast 
contraction.  Linked interfaces step sizes in phases of fast contraction are significantly 
larger than isolated interfaces steps (p<0.001) and spend a longer time in this phase 
(p<0.0001) with an average of 15.69 pixels in 117 seconds (n=12), while isolated 
interfaces contract only 8.66 pixels in 51 seconds (n=12).  Though the interface shrinks 
less per contraction in isolated interfaces, the rate of shortening is the same between 
isolated (0.178 pixels/second average, n=12) and linked interfaces (0.145 pixels/second 
average, n=12). 
In isolated interfaces, stabilization periods were 94 seconds on average for 
isolated interfaces (Fig. 4).  In contrast, linked interfaces were stable for much longer 
(238 seconds average) between contraction events (Fig. 3) and stable periods varied 
greatly, ranging from 62.5 seconds to 512.5 seconds (over 8.5 minutes).  Though the 
mean time spent in stabilization periods was not statistically significant, the variance of 
stabilization time was much greater in linked interfaces than in isolated interfaces 
(p<0.001).  This variation could be due to the observation that linked interfaces also do 
not contract simultaneously.  One interface will contract (Fig. 2E and 2F, yellow line) 
while the adjacent interfaces will remain the same length (Fig. 2E and 2F, blue lines). 
 Isolated interfaces, however, have more uniform periods of stabilization, ranging from 
one to two minutes (Fig. 4). 
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Length measurements discussed above were measured by hand, therefore 
introducing an element of human error.  Collaboration with Tim Vanderleest in Dinah 
Loerke’s lab allows precise and automated measurements of interfaces over time. 
 Movies of intercalating cells were segmented using a watershed technique with MatLab 
software to create a digital representation of each cell (Fig. 5).  Data for each interface, 
including interface length and angle, can quickly be collected for every frame (every 500 
msec).  This gives much more information to be analyzed for the fast contraction and 
stabilization periods of both linked and isolated interfaces (Fig. 6). 
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Figure 2. Contraction of isolated and linked interfaces.  Images from time-lapse movie of cell-
cell interface contraction in wild type 117; 95-1 embryos visualized with membrane markers 
GFP:Spider and GFP:Resille.  Time is given in minutes.  Scale bar is 5µm.  Anterior of embryo is 
oriented towards the left and ventral is down.  (A) Linked interfaces contract completely in 
approximately fifteen minutes.  (B) Single, isolated interfaces take only about five minutes to 
contract. 
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Figure 2 cont’d.  Contraction of isolated and linked interfaces.  Interface shrinkage occurs 
through biphasic cycles consisting of periods of fast contraction (C, E, F, yellow lines) and long 
periods of stable interface length (D, E, F, blue lines).  In 2.5 minutes, the interface (C) shrinks by 
53% during a phase of fast contraction.  In contrast, a stable interface (D) shortens by only 7.5% 
in 7.5 minutes.  Linked interfaces do not contract simultaneously (E, F).  One interface contracts 
(yellow lines) while the adjacent interfaces stay the same length (blue lines). 
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Figure 3.  Linked interface length over time.  Manual measurements of three linked interfaces 
(shown in Fig. 2A).  The interface represented in red contracts first while the other two interfaces 
are relatively stable in length.  The green interface shrinks next, followed by the small blue 
interface.  Measurements were taken every 12.5s, or 25 frames.  Images were acquired every 500 
msec.  Due to the nature of manual measurements and limitations from the software that was 
used, data shown here is likely affected by human error. 
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Figure 4.  Isolated interface length over time.  The length of three separate isolated interfaces 
(structures like those shown in Fig. 2B) were manually measured every 12.5s as they contracted.  
The three interfaces sampled here show biphasic cycles of contraction, alternating periods of 
stable interface size with phases of fast contraction. 
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Figure 5.  Automated computation segmentation of germband extending cells.  Images from 
live imaging of embryos expressing GFP:Spider and GFP:Resille were segmented into individual 
cells using MatLab software to create digital representations of each cell.  Shrinking vertical 
interfaces can be tracked and precise length measurements can be collected for every image 
(every 500 msec).  The original image (A) shows an embryo later in GBE.  The segmented image 
(B) follows the cell outline and does not include regions of furrow formations or cell division 
(white spaces on the right side and in the top left corner).  When overlayed (C), the segmentation 
(red lines) matches with original images.  Scale bar is 10µm.  (Tim Vanderleest and Dinah 
Loerke). 
 
 
 
 
 
 
 
 26 
 
 
 
 
Figure 6. Computationally measured length of linked interfaces over time.  Four linked 
interfaces were measured over time using MatLab software after images had been segmented as 
in Fig. 5.  Interface length (in pixels) is shown on the y-axis and image frame (imaged every 500 
msec) is on the x-axis.  This method of measurement also shows biphasic contraction cycles and 
alternation of contraction phases.  The interface represented by the light blue line contracts first, 
followed by the green interface.  The dark blue interface is stable while the others contract, then 
itself contracts.  (Tim Vanderleest and Dinah Loerke). 
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Actin Localization and Dynamnics 
F-actin is the first known protein that is asymmetrically localized at the beginning 
of GBE (Blankenship et al. 2006).  It additionally localizes to several other populations in 
the cell throughout the intercalation process.  To visualize these populations, we 
examined live embryos expressing the F-actin binding domain of moesin fused to GFP 
(moe:GFP) as well as phalloidin stains in fixed wild type embryos.  Live imaging of 
moe:GFP with spinning disc confocal microscopy allows us to visualize dynamics and 
movement of actin populations throughout GBE.  Though we can live image many z-
levels, we can see more clearly see basal actin populations in fixed embryos using laser 
scanning confocal microscopy.  Fixed embryos provide a static snapshot of F-actin 
populations during different points in GBE, so some populations that might have been too 
dynamic or too faint to see using live imaging are visible when fixed and stained. 
F-actin is enriched at both isolated (Fig. 7A) and linked (Fig. 7D) shrinking 
vertical interfaces.  A burst of bright F-actin is also seen at vertices when interface 
contraction is complete (Fig. 7B and 7E) followed by increased F-actin along growing 
horizontal interfaces (Fig. 7C and 7E).  F-actin enrichment during these interface changes 
is compared to general cortical actin (Fig. 7H; interfaces not indicated by arrowheads in 
Fig. 7A-7F).  F-actin accumulation is most often seen towards the apical surface of cells, 
approximately two microns deep (Fig. 7A-7F, Fig. 8).  More apically located in the cell, 
at the cell surface, highly dynamic filopodial F-actin projections are visible during GBE 
(Fig. 7G).  Two other actin populations that are more clearly visible in stained specimens 
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are vertical actin bars and cytoplasmic puncta.  Actin bars are more basally located in the 
cells and have significant F-actin enrichment in a planar polarized fashion on vertical 
interfaces (Fig. 7I, 6 microns deep).  Puncta are bright spots of F-actin in the cytoplasm 
of the cells; some are located near the cell membrane while others are scattered 
throughout the interior of the cell (Fig. 7J & 7K).  These puncta are present at many z-
levels in the cell, though they are more numerous basally (Fig. 7K, basal, compared to 
Fig. 7J). 
Live imaging F-actin dynamics with high temporal resolution (two images per 
second) revealed an intriguing movement of large aggregates of F-actin at shrinking 
vertical interfaces (Fig. 7A and 7D, Fig. 9).  Globules form at interface nodes, or vertices, 
where three or more cells meet (Fig. 8 and Fig 9, yellow arrowheads).  In a short period 
of time, usually less than a minute, the actin intensity moves from the nodes towards the 
center of the contracting interface (Fig. 9, red arrowheads).   
The intensity then lessens in the center of the interfaces and a new cycle of 
enrichment occurs at the nodes (Fig. 9, last panels).  The most dynamic globules are 
located apically, though they exist to a lesser extent at more basal levels (Fig. 8). 
 Globules at the nodes are more persistent along the z-axis (Fig. 8, bright nodes in top 
row are absent in only bottom row) than internodal aggregates (Fig. 8), which could be 
due to the variation of interface lengths at different z-levels. 
Given the cyclical nature of F-actin aggregate behavior, I examined the 
relationship between interface length and F-actin accumulation.  F-actin intensity was 
measured over the span of the interface and plotted along with interface length (Fig. 10). 
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 The two have an inverse relationship; during the interface’s period of fast contraction, 
intensity of F-actin fluorescence increases (Fig. 10).  Over the following stabilization 
period, F-actin intensity fluctuates but returns to lower levels similar to the stable phase 
at the beginning of the measured time interval (Fig. 10). 
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Figure 7.  F-actin populations in wild type embryos.  (A, F, I) Stills from embryos expressing 
moe:GFP and live imaged in a single z-layer; scale bar is ten microns.  (G, H, J, K) Stains of F-
actin with phalloidin in fixed embryos; scale bar is five microns.  All embryos are oriented with 
anterior to the left and ventral.  F-actin is enriched at both isolated (A) and linked (D) contracting 
vertical interfaces.  There is also a transient burst of actin at vertices after interfaces have fully 
contracted (B) and form rosettes (E).  Actin is enriched at horizontal interfaces as new cell 
contacts are formed (C, F).  Another actin population in general cortical actin supporting cell 
shape (G).  More basally in the cell are vertical actin bars (H, 6µm deep) showing enrichment 
along vertical interfaces of several cells.  On the apical cell surface are fast-moving, highly 
dynamic actin-based filopodia (I).  Finally, cytoplasmic actin puncta are present in the cells (J, K) 
and are more numerous at basal (K, 11µm deep) than apical levels (J, 2µm deep).  
 31 
 
 
 
 
Figure 8.  F-actin aggregates are present at many apicobasal levels.  Globules of F-actin 
aggregates are visualized using moe:GFP at many z-levels.  The first panel is 1µm below the cell 
surface.  The following panels are from the same time point and go deeper in the cell at one µm 
increments for 15µm total.  Scale bar is 10µm.  Enrichment of F-actin into globules at cell-cell 
junctions (arrowheads) exist at all of the z-levels presented. 
 
 
 
 
 
 32 
 
Figure 9.  F-actin globules are dynamic on shrinking vertical interfaces.  (A, B) Images from 
live embryos expressing moe:GFP to mark F-actin.  Embryo’s anterior is oriented toward the left, 
ventral is down.  All images are from a single z-layer near the apical cell surface in linked (A) or 
isolated (B) interfaces.  Arrowheads indicate areas of actin enrichment at nodes (yellow 
arrowheads) or intermodal aggregates (red arrowheads).  Localization of globules changes 
quickly throughout interface shrinkage; images are shown from 30-second intervals.  Scale bar is 
one µm. 
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Figure 10.  Intensity of F-actin fluorescence increases as interface length decreases.  Manual 
measurements of a linked interface (green line) shows the two phases of contraction, a period of 
fast contraction flanked by two intervals of stable interface size.  This wild type embryo was 
visualized using moe:GFP, and intensity of the signal (red line) increases at the same time period 
in which the interface undergoes fast contraction.  In the subsequent stabilization phase, F-actin 
signal intensity fluctuates though returns to starting levels.  Measurements were taken every 
12.5s, images were acquired every 500 msec. 
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Localization of Actin Regulators Coronin and Dpod1 
As the above data suggested that F-actin behaviors may explain changes in 
interface dynamics, I examined possible F-actin regulating proteins that could be 
responsible for the observed F-actin movements.  Previous qRT-PCR data shows that 
mRNA for two actin-regulating proteins, coro and Dpod1, are highly expressed in 
cellularizing and germband extending embryos (data not shown, Aparna Kailasam). 
 Fixed embryos were stained with an anti-Dpod1 antibody and showed Dpod1 presence 
during GBE and enrichment on vertical interfaces (Fig. 12C), suggesting Dpod1 might be 
an important actin regulator in interface dynamics.  I therefore made a GFP:Dpod1 fusion 
construct in a pUAST vector (Fig. 11).  Because coro mRNA was shown to be present in 
embryos undergoing GBE and the protein has a structure similar to that of Dpod1, we 
also made both N- and C-terminus GFP fusions of coro (Fig. 11).  These fusion 
constructs were fixed and stained with anti-GFP as well as phalloidin to mark F-actin 
(Figs. 12A and 12B).  Like endogenous Dpod1 (Fig. 12C), the GFP:Dpod1 fusion 
localized to vertical interfaces and overlapped with F-actin enrichment both prior to 
intercalation (Fig. 12A) and later in GBE (Fig. 12B).  Similarly, coro is also expressed 
throughout GBE in both cytoplasmic and cortical populations (Fig. 13).  Cortical coro 
enrichment mirrors that of F-actin (Fig. 13).  However, there are some actin populations 
that are separate from coro.  Unlike cytoplasmic F-actin puncta (Fig. 7J & 7K), coro’s 
cytoplasmic presence is diffuse (Fig. 13 and 14) and absent from medial depths (Fig. 
14C).  Coro is more often enriched at vertical interfaces, particularly at more apical levels 
in the cells (Fig. 14B) and later in GBE (Fig. 14C).  The creation of coro:GFP fusion 
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constructs allowed for live imaging and the examination of coro dynamics throughout 
GBE.  Similar to what was observed in fixed images, coro was enriched at contracting 
vertical interfaces and showed dynamic aggregates (Fig. 15, arrowheads).  These 
dynamic aggregates were highly reminiscent of dynamic F-actin globules during interface 
shrinkage (Fig. 9). 
 
Functional Disruption of Coronin and Dpod1 
The cortical presence of Dpod1 and coro in embryos undergoing GBE, as well as 
the enrichment on vertical interfaces, suggests that these proteins likely have important 
roles in the regulation of F-actin.  To test if Dpod1 and coro are required for proper 
interface dynamics, I knocked down the expression of these proteins and scored their 
development.  Because Dpod1 in the embryo is largely maternally contributed, we 
utilized germline clone technology to generate mutants with full deletions of the Dpod1 
coding sequence.  Embryos completely lacking Dpod1 rarely completed GBE (only 4%) 
and were frequently too disrupted to cellularize (Table 1).  As we wanted to further 
investigate a role for Dpod1 in GBE, I chose to knock down Dpod1 expression by 
injecting dsRNA of a selected portion of the Dpod1 coding region and scoring 
development.  Knockdown by RNAi is predicted to have a lesser effect on Dpod1 
function.  Dpod1 RNAi embryos also infrequently completed GBE normally (16%), 
though more embryos were able to complete cellularization (Table 2).  I also injected 
coro dsRNA and saw that these embryos could only complete GBE 10% of the time. 
 However, 56% of embryos stalled during GBE, representing the major phenotype of 
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coro RNAi disruption (Table 2).  To check for functional redundancy between Dpod1 and 
coro, injection of a combination of the two types of dsRNA was performed.  This 
combined RNAi produced a similar phenotype (Table 2). 
Because most embryos were disrupted during GBE when injected with coro 
dsRNA, we performed live imaging of embryos after coro knockdown to see how 
interface dynamics were affected.  We saw three main phenotypes of cell interface 
aberrations following coro depletion; wobble, reversal, and frozen interfaces (Table 3). 
 In interface wobbles (Fig. 16A), the stabilization phase of contraction is absent and the 
interfaces ‘wobble’ backwards following a period of fast contraction (Fig. 17).  The 
contraction phase seems unaffected in the wobble phenotype (Fig. 17); the timing and 
size of interface shrinkage is similar to that of wild type embryos, and the rate of 
contraction (0.138 pixels/second) is only slightly slower than wild type isolated 
interfaces.  Reversals are regrowths of vertical interfaces that were previously contracted 
(Fig. 16B).  Interface reversal differs from wobble by the time frame in which they take 
place; wobbles occur soon after the fast contraction phase of interface shrinkage (less 
than five minutes, Fig. 16A), while reversals occur after the interface has been contracted 
for a longer period of time (over 5 minutes, up to 20 minutes in some cases, Fig. 16B). 
 The frozen phenotype was the most common (Table 3), and also the most severe.  Frozen 
embryos had no interface movement over long periods of time (Fig. 17; Fig. 16C, yellow 
arrowheads), had many abnormally small cells (Fig. 16C, red arrowheads) and did not 
germband extend. 
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F-actin dynamics were also affected by coro RNAi knockdown (Table 3).  F-actin 
aggregates diminished in number and size (Fig. 19, compare WT top row to bottom row), 
though there was no difference between levels of F-actin in embryos injected with coro 
RNA and water control injections (Fig. 20).  Aggregates were much less dynamic when 
coronin was depleted (Fig. 21A compared to 21B).  Static F-actin in coro RNAi embryos 
corresponded to interfaces that did not contract properly (Fig. 21B). 
 
 
 
Figure 11.  Schematic of method for creating GFP fusion constructs.  This protocol was used 
to make GFP:Dpod1, GFP:coro and GFP:coro.  In all cases, the restriction enzymes used (in 
order) were Xho1, Kpn1 and Xba1.  The final construct was sequenced to check for mutations.  
The final, correct construct was then injected in flies to incorporate into the genome. 
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Figure 12.  Vertical interface enrichment of Dpod1 in germband extending embryos.  
Images from embryos fixed and stained for F-actin (marked with phalloidin).  Transgenic flies 
expressing GFP:Dpod1 (A, B) were stained with anti-GFP.  Wild type flies (C) were stained with 
anti-Dpod1 to show endogenous protein.  Embryos are oriented with anterior to the left and 
ventral down.  Dpod1 was enriched on vertical interfaces (yellow arrowheads), mirroring 
enrichment of F-actin.  This vertical localization was present early in GBE (A), as well as after 
interfaces have already contracted (B).  Dpod1 is also present in the cytoplasm (A-C).  Scale bar 
is 5µm. 
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Figure 13.  Coro is vertically enriched in germband extending embryos.  Images from 
transgenic embryos (expressing GFP-tagged coro) fixed and stained for F-actin (marked with 
phalloidin) and anti-GFP.  Anterior of embryo is oriented towards the left, ventral is down.  
Images show a single z-layer approximately two µm below the apical surface.  Embryos shown 
are aged just prior to intercalation (A), after onset of intercalation but before the germband has 
extended (B), or later in GBE (C), showing cell shape changes and rosettes.  In merged column, 
phalloidin is in red and coro is in green.  Localization of coro changes throughout GBE, moving 
from even cortical distribution earlier in development (A) and becomes more planar polarized to 
vertical interfaces later on (B, C), though it is always cytoplasmically present (A-C).  Scale bar is 
5µm. 
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Figure 14.  Vertical interface enrichment of coro in germband extending embryos.  Images 
from embryos fixed and stained for F-actin (marked with phalloidin) and coro (GFP fusion 
transgenes).  Anterior is to the left, ventral is down.  Scale bar is 5µm.  In a single z-layer 
approximately two µm below the apical surface (A) arrowheads indicate areas of coro enrichment 
at vertical interfaces and cables of enrichment spanning multiple interfaces.  Localization of coro 
changes at different depths in the cells, though it is always cortically present (B, C, D).  At medial 
levels, coro is mostly cortical (C) though it is present in both cytoplasmic and cortical populations 
at more apical (B) and basal (D) depths. 
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Figure 15.  Dynamic coro puncta in germband extending embryos.  Images from a live 
embryo expressing coro:GFP transgene, shown at 30-second intervals over eight minutes total.  
Anterior is towards the left, ventral is down.  Scale bar is 1µm.  Images show a forming rosette at 
a single, apical z-layer analogous to the region showing F-actin globule movement in Fig. 6.  
Coro globules (arrowheads) move throughout the images shown, though coro is always cortically 
present.  Globules move around as interfaces shrink.  Brightest puncta are located at the nodes, 
similar to the enrichment of F-actin globules (see Fig. 6).  Coro is expressed throughout the 
cytoplasm as well. 
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 Pre-cellularization Cellularization 
Attempted 
GBE 
Incomplete 
GBE 
Complete 
GBE 
Dpod1 
knock out 
(n=69) 
48% 39% 7% 2% 4% 
Wild type 
(n=21) 0% 5% 5% 10% 80% 
Table 1.  Furthest stage of development reached in Dpod1 germline clones.  Development of 
Dpod1 germline clone knockouts without maternal protein contribution was scored.  The vast 
majority of Dpod1 knockout embryos were unable to complete cellularization. 
 
 
 
 
 
 
 
 Pre-cellularization Cellularization 
Attempted 
GBE 
Incomplete 
GBE 
Complete 
GBE 
Dpod1 
RNAi 
(n=56) 
3% 43% 29% 9% 16% 
Coro 
RNAi 
(n=78) 
0% 34% 29% 27% 10% 
Dpod1 and 
coro RNAi 
(n=90) 
0% 41% 32% 21% 2% 
Water 
(n=54) 0% 15% 13% 0% 72% 
Table 2.  Developmental stage reached in wild type embryos injected with RNAi.  
Development was scored following RNAi knockdown of Dpod1 and/or coro.  Phenotypes were 
less severe than in germline clones (Table 1) because RNAi is only a partial knockdown of each 
protein.  However, RNAi embryos infrequently completed GBE normally. 
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Figure 16.  Abnormal interface dynamics in embryos injected with coro dsRNA.  Images 
from time-lapse movies of cell-cell interface contraction in wild type embryos visualized with 
GFP:Spider and GFP:Resille following RNAi knockdown of coro.  Time is given in minutes, 
scale bars are 5µm.  Isolated interface contraction appears mostly normal (A, first two panels), 
though the stabilization phase is absent and the interface returns to its original size (A, last panel).  
Rosettes formed show reversal of vertical interface contractions (B, arrowheads).  Two vertical 
interfaces reappear at different times (B, yellow arrowhead, then white arrowhead).  Frozen 
interfaces (C) show now change in interface size or cell intercalation (yellow arrowhead) and 
abnormally small cells are also present (red arrowheads). 
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 Frozen Incomplete Cellularization 
Incomplete or 
Abnormal GBE Wild Type 
Coro RNAi 
(n=39) 41% 10% 44% 5% 
Dpod1 RNAi 
(n=7) 14% 43% 43% 0% 
Water (n=14) 0% 0% 7% 93% 
Table 3.  Interface behaviors in RNAi embryos.  Wild type embryos were injected and live 
imaged.  Interfaces dynamics were largely abnormal with RNAi injection.  The frozen phenotype 
is characterized by little interface movement and no intercalation (Fig. 12C, Graph 6).  Embryos 
that did not complete cellularization were too disrupted to attempt any sort of intercalation 
movements.  Abnormal GBE includes both wobble and reversal interface behaviors. 
 
 
 
 
 
 
Figure 17.  Coro RNAi wobble phenotype.  An isolated interface exhibiting the wobble 
phenotype (shown in Fig. 12A) was measured manually every 12.5s (images were acquired every 
500 msec).  The contraction phase (spanning frames 400-625) appears normal and occurs at a 
slightly slower but similar rate of contraction as wild type interfaces.  Following the period of fast 
shortening, rather than an expected period of interface stabilization, the interface size returns to 
its pre-contraction size. 
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Figure 18.  Coro RNAi frozen phenotype.  In isolated interface displays a frozen phenotype 
(shown in Fig. 12C) when injected with coro RNAi.  Images were acquired every minute for over 
1.5 hours, resulting in very little interface size change.  Variation in the interface length could be 
due to error from manual nature of measurements. 
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Figure 19.  F-actin aggregates in coro RNAi embryos.  Images from time-lapse movies of cell-
cell interface contraction in wild type embryos visualized with moe:GFP.  Anterior of embryo is 
to the left, ventral is down; scale bar is 10µm.  Wild type embryos (A-C) show regions of bright 
F-actin aggregation (arrowheads) at contracting vertical interfaces (also shown in Fig. 4A and 
Fig. 5).  Embryos injected with coro RNAi (D-F) show overall lower signal:noise (D, E) and 
show fewer F-actin aggregates at vertical interfaces that are smaller in size. 
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Figure 20.  Overall F-actin levels in injected embryos.  Intensity of F-actin brightness in water 
injected control embryos expressing moe:GFP does not differ from the intensity in embryos 
injected with coro RNAi.  Size and frequency changes of F-actin aggregates in coro RNAi 
embryos are not due to overall F-actin depletion. 
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Figure 21.  Aberrant F-actin aggregate dynamics at shrinking vertical interfaces in coro 
RNAi embryos.  Images from time-lapse movies of cell-cell interface contraction in wild type 
embryos visualized with moe:GFP.  Images are shown in 30-second intervals for an overall time 
of eight minutes.  Embryo anterior is to the left, ventral is down.  An isolated vertical interface in 
an embryo developing normally (A) shrinks down to a single vertex (last panel) and throughout 
the contraction process shows dynamic, bright actin aggregates (arrowheads).  Vertical interface 
in an embryo injected with coro RNAi (B) does not contract appropriately and F-actin aggregates 
are more static (arrowheads) and less bright. 
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DISCUSSION 
Overall Conclusions 
By employing fast live imaging techniques, we have begun to understand how 
contractile behaviors are harnessed to drive GBE in the Drosophila embryo.  Recently 
published work has shown that isolated vertical interfaces contract using cycles of 
successive fast interface shortening and intervals of stabilization (Rauzi et al., 2010). 
 Data presented in this thesis agrees with this work on isolated interfaces, and I have 
extended this analysis to include the contraction of linked interfaces in the formation of 
rosette structures.  In my work I have also characterized the role of F-actin behaviors in 
shrinking interfaces during GBE.  My data indicates that actin regulating proteins Dpod1 
and coro are required for appropriate interface dynamics and suggests that F-actin 
stability is required for the stabilization phase.  This work overall provides evidence 
about how one important aspect of cytoskeletal regulation guides tissue morphological 
changes. 
 
Interface Contraction 
We have found that both linked and isolated interfaces undergo biphasic cycles of 
interface shrinkage.  This process consists of short periods of fast contraction and longer 
phases of stable interface size.  Contraction intervals are typically less than two minutes 
and greatly decrease the size of the interface.  The stabilization phase is much longer, 
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usually twice as long as the contraction phase, and has very little change in interface size. 
 The characteristics of the two phases differ between linked and isolated interfaces. 
 While linked interfaces contract at a similar, albeit slightly slower, rate than single 
interfaces, each contraction step in a linked interface is nearly twice as large than an 
isolated interface.  However, the most striking difference between the two interface types 
is the length of time spent in the stable phase between contractions.  Isolated interfaces 
typically rest for about 90 seconds; but a linked interface can wait over seven minutes 
before entering the fast contraction phase.  On average, linked interfaces spend nearly 
four minutes in the stabilization phase.  Interestingly, we also observed that linked 
interfaces tend to alternate contraction periods. While linked interfaces remain in a period 
of stabilization, the neighboring interface contracts (Fig. 3).  The above data suggests that 
linked interfaces do not behave the same as isolated interfaces.  Linked interfaces appear 
to be able to coordinate interface dynamics.  This may be because linked interfaces 
maintain a greater tension (Fernandez-Gonzalez et al., 2009), or it may be that there 
could possibly be some sort of signal or feedback mechanism that spans multiple 
interfaces to control contraction to coordinate rosette formation. 
 
Interface Stabilization 
 Periods of fast interface contraction are punctuated with phases of stable interface 
size.   It appears that the fast shrinking phase of the dynamic interface behaviors is due to 
actomyosin contraction.  This raises the question of what the purpose of the stabilization 
period is.  One potential reason for stabilization periods could be so that rearrangements 
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of the actomyosin network may occur in preparation for the next contraction event.  A 
second reason for the stable intervals could be to allow for sufficient time for endocytosis 
to occur to remove excess plasma membrane from the newly shortened interface.  The 
time an isolated interface spends in this stable phase is typically around 1.5 minutes. 
 Linked interfaces, however, vary greatly in the time spent in a stable phase, ranging from 
just over one minute to nearly nine minutes.  The variation of stabilization times in linked 
interfaces may allow the interfaces to alternate contraction.  My data indicates that linked 
interfaces do not undergo fast contraction phases at the same time as their neighbors (Fig. 
2E and 2F).  These behaviors suggest that there must be some sort of feedback 
mechanism that either inhibits subsequent contractions or prolongs the stable period. 
 
F-actin Dynamics 
Based on our live imaging analysis of F-actin, it appears that F-actin aggregation 
and dispersal at contracting interfaces is an important part of interface contraction in 
GBE.  There are several populations of F-actin in intercalating cells (Fig. 7).  We looked 
closely at F-actin aggregate dynamics along shrinking vertical interfaces and found that 
aggregates cyclically move from interface nodes to internodal regions in the center of the 
interface.  From the manual measurements of F-actin and interface length, F-actin 
fluorescence intensity increases during the fast contraction phase of interface shrinkage 
(Fig. 10).  This suggests that cyclic movement of F-actin aggregates is a potential driver 
of the biphasic nature of interface contraction.  However, manual measurements of F-
actin and interface behaviors are temporally and quantitatively limited, and more in-depth 
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analysis needs to be done.  Live imaging data has been segmented using a computer 
software and more precise measurements of interface length and data regarding F-actin 
intensity and location on the interface will be collected in the future (Loerke lab). 
 
Actin Regulators, Coronin and Dpod1 
The importance of proper F-actin dynamics in the contraction of vertical 
interfaces is reinforced when actin regulating proteins coro and Dpod1 are knocked 
down.  When the expression of either of these proteins is reduced through RNAi, GBE is 
severely disrupted.  The observation of wobble and reversal interface phenotypes in coro 
RNAi experiments suggests that coro is required for the stabilization step.  However, 
coro could also be important for the initiation of intercalation and fast contractions due to 
the severe frozen phenotype that is seen when coro is knocked down to a greater extent. 
 The introduction of coro dsRNA in moesin:GFP-expressing embryos shows that 
knocking down coro greatly affects the size and movement of F-actin aggregates.  This 
suggests that coro is at least partially responsible for the F-actin globule dynamics that 
may direct the biphasic contractions that are important for shrinking interfaces. 
A previous study that found biphasic cycles in interface shrinking similar to those 
discussed in this thesis attributed the fast contraction phase of interface dynamics to 
movement of medial Myosin II towards the vertical interface.  A subsequent pulse of 
Myo II at the interface was said to be responsible for stabilization of newly contracted 
interfaces (Rauzi et al., 2010).  The data presented in this thesis, however, suggests that 
proper F-actin dynamics are also required for appropriate interface movements.  The 
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cyclic nature of F-actin globule movement on vertical interfaces mirrors the biphasic 
stages of interface shrinkage.  Furthermore, knockdown of coro and Dpod1 resulted in 
aberrant interface dynamics, indicating that proper F-actin regulation is critical for both 
stages of interface contraction. 
Coro knockdown generated two phenotypes that indicate the stabilization phase of 
interface contraction was affected.  Interfaces that exhibit either wobble or reversal 
phenotypes (Fig. 16A and 16B) appear to have normal contraction phases, but the 
stabilization periods are clearly affected as the interfaces fail to remain shortened.  The 
stabilization phase could be to allow for time for endocytosis to remove the excess 
membrane from newly shortened interfaces or to remodel the F-actin network that is 
present at the interface.  Remodeling the F-actin network would likely consist of 
disassembly of existing F-actin, followed by polymerization of a new F-actin meshwork 
and engagement of Myo II for future contractions. 
Some embryos injected with coro RNAi exhibit frozen phenotypes with 
completely static interfaces (Fig. 16C).  These frozen interfaces are accompanied by 
small, non-moving F-actin puncta (Figs. 19 and 21).  One possible explanation is that the 
formation of large F-actin globules exclusively on vertical interfaces establishes planar 
polarity for other proteins, such as Myo II, to be recruited and begin contraction.  When 
coro RNAi abolishes the formation of F-actin aggregates, planar polarization is not set up 
and interface contraction therefore does not occur. 
The effect of coro on F-actin, whether it facilitates polymerization or disassembly 
of filaments, has recently been the subject of debate.  The data presented in this thesis, 
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though by no means definitive, suggests that coro facilitates F-actin polymerization.  
Coro knockdown results in smaller F-actin globules because polymerization is inhibited.  
If these globules are required to planar polarize the cells, contraction would not occur 
because of lack of recruitment or interaction with contractile proteins such as Myo II.  
Additionally, when cells are able to contract due to F-actin globules that exist because of 
incomplete coro knockdown, the stabilization step is affected because an F-actin scaffold 
is unable to form to maintain the shortened interface.  Further research is needed to 
examine this possibility further. 
 
Future Directions 
One caveat of the work presented in this thesis is that most of the interface 
measurements were done by hand, introducing an element of human error.  More precise 
length measurements can be done from segmented movies by collaborators in the Loerke 
lab.  By automating these measurements, interface length data can be collected for every 
time point (every 500 ms) rather than the time points presented in this thesis (every 
12.5s).  This data can allow for more detailed and accurate analyses of interface changes 
and characterization of the nature of biphasic contractions.  Obtaining a larger database of 
information regarding interface contraction will also allow for better comparisons of 
linked and isolated interfaces and the underlying processes. 
Further analyses by automated methods with the Loerke lab collaboration will 
also reveal more information about the involvement of F-actin in contracting interfaces. 
 Automated measurements of the size, intensity, and movement of the F-actin aggregates 
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presented in this thesis can be compared to changes in interface length to determine 
which part of biphasic interface contraction is driven by F-actin.  Similar measurements 
can be conducted in the future with movies of GFP fusions of coro and Dpod1.  If these 
regulating proteins exhibit similar dynamics as F-actin it will further support the idea that 
coro and Dpod1 function is required for proper F-actin movement and interface 
contraction.  Comparing more exact characteristics of contraction in coro and Dpod1 
RNAi embryos will also give us insight as to exactly how these proteins regulate F-actin 
and affect cell intercalation. 
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